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Abstract
Using teachers’ skills from the Survey of Adult Skills (PIAAC) and students’ performance from the
Programme for International Students Assessment (PISA) we exploit a multilevel model to investigate how
much of the variation in student performance can be explained by teacher quality at the country level across
a number of OECD countries. Results show how teachers’ skills seem to have positive effects on student
achievement and explain part of the variation between countries in students’ achievement. National policies
and efforts made from Education departments to improve teacher quality seem crucial to achieve both overall
excellence and greater equity across countries.
© 2015 The Authors. Published by Elsevier Inc. on behalf of The Society for Policy Modeling. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1.  Introduction
It has been widely acknowledged that education, or the acquisition of knowledge and skills,
together with research and innovation are key devices for economic prosperity and sustainable
growth (Aghion, David, & Foray, 2009). Education puts people in a position to take well-informed
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decisions about the future, to assume responsibility for these decisions and to judge how their
personal behaviour will affect future generations. It further gives access to knowledge that will help
individuals and society to be more stable and resilient in times of change. Within this framework,
enhancing students’ achievement and reducing inequalities in education achievements become
strategic goals to be pursued beyond the general one of equality of opportunity in education.
Nonetheless, the latest results from the Programme for International Students Assessment (PISA)
show a large gap within different European countries and also between the European Union (EU)
and the other OECD economies, with European students losing positions against their OECD
peers. As a result, a better understanding of the functioning of the different school systems and
of the role played by the different actors appears urgent. Analysis of international variations of
students’ outcomes (Hanushek & Woessman, 2011) appears particularly valuable in this respect.
In this matter, research dating back to the 1966 release of Equality  of  Educational  Opportunity
(the “Coleman Report”) showed that teacher quality was only weakly related to the improvement
of students’ performance (Coleman, 1968). On the contrary, many of the studies published since
then have confirmed the finding that high-quality teachers raise student performance; indeed,
education scholars generally agree that the most important thing a school can do is to provide its
students with good teachers (OECD, 2005). The need of a teaching staff trained and up-to-date
is fully recognized as being essential given the constantly changing environment, disciplinary
advances and the changing student population (European Commission, 2004). Quoting Andreas
Schleicher, OECD Director for Education and Skills, speaking on the occasion of the launch of
the Teaching and Learning International Survey (TALIS) last June “We  need  to  attract  the  best
and brightest  to  join  the  profession.  Teachers  are  the  key  in  today’s  knowledge  economy,  where  a
good education  is  an  essential  foundation  for  every  child’s  future  success.” Thus, teacher quality
is seen as a crucial driving force for improving student performance and thus promoting economic
competitiveness in the global society (National Academies, 2007).
Despite the great interest and efforts in understanding the relationship between teacher qual-
ity and students’ performance, research is far from complete. Our paper contributes to previous
works and provides evidence of the association between teachers’ skills, as a proxy of teacher qual-
ity, and the performance of students across a number of OECD countries, In this cross-national
research, we focus on teachers’ quality based on their skills, namely: Literacy and Numeracy
skills, as measured in the Programme for the International Assessment of Adult Competences
(PIAAC). Further, we use 15 years old students’ performance in Mathematics and Reading from
the Programme for International Students Assessment (PISA). Exploiting a multilevel model,
we investigate how much of the variation in student performance – at the individual level, can
be explained by teacher quality, – measured at country level. We additionally control for a set
of socio-economic characteristics so as to account for the role of other key factors that are
part of the education system (i.e. student, family, school and country characteristics). At the
most practical level, the uniqueness of this research relies on the comparability across coun-
tries. Given the considerable differences among some OECD countries, the problem nowadays
is not only of the countries losing uniformly ground, but the resulting overall deteriorating trend
and increasing inequality among them (OECD, 2004, 2005; UNESCO Institute for Statistics,
2006).
Our main findings suggest that teachers’ skills, measured at the country level using PIAAC,
are positively associated to students’ achievement measured using PISA and that, when taken into
account in the multilevel model, they explain part of the variance at the country level which was
entirely attributed to unobserved differences between countries. The proportion of the country
level variances explained when adding teachers’ skills in the model amount to around 14% for
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Mathematics test scores and to 17% for Reading test scores. The empirical evidence provided in
this work raises concern about both (1) the differences in teachers’ quality across OECD countries
and (2) the link between teachers’ quality and students outcomes (which could significantly
contribute to further inequality across countries in the long run). These results need not imply that
the teachers are to blame for their students’ relative under-performance because, alternatively, the
education system of relatively poor performing countries might be designed in a way that it is
unattractive for skilled individuals. In fact, recent studies show that differences in school systems
and institutional characteristics play an important role in explaining cross-country differences in
students’ performances (Hanushek & Woessman, 2011). The overall point to make here then is that
if we are to improve the skills of students early on, we should improve the learning environments
in which they are raised.
The plan of the paper is the following: in Section 2 we present and discuss existing evidence
on the relationship between teachers’ quality and students’ achievement. Section 3 describes the
datasets used, namely the Survey of Adult Skills from the Programme for the International Assess-
ment of Adult Competencies (PIAAC) and the Programme for International Students Assessment
(PISA), 2012 cycle, and illustrate the variables used in the model, while Section 4 contains the
methodological approach. Estimation results obtained from the multilevel regressions are provided
in Section 5. Section 6 concludes.
2.  Teacher  quality  and  student  performance  (literature  review)
Good teaching is clearly important for higher student performance; however, it is less clear
what makes a good teacher. Extensive research on teacher quality suggests that good teachers
possess a few simple, quantifiable attributes, some of which currently employed for hiring and
rewarding teachers, namely: teachers’ formal education and experience. However, while these
attributes are the most widely studied, possibly because they are easy to measure, they are only
weakly linked to student success. Thus, for example, Goldhaber and Brewer (2000) found “little
rigorous evidence  that  [teacher  certiﬁcation]  is  systematically  related  to  student  achievement” (p.
141). Further, Rice (2003) found that several studies conducted since the 1970s “have  found  no
discernible effect  of  teachers  having  a  master’s  degree  or  higher  on  student  achievement” (p. 26).
Indeed, some studies, found slightly negative correlations with teachers’ advanced degrees and
student achievement (Clotfelter, Ladd, & Vigdor, 2007).1 Part of the explanation for these mixed
findings may be that they matter only in certain circumstances. Accordingly, Rivkin, Hanushek,
and Kain (2005) found little difference in teacher effectiveness after about five years of experience.
Further, as explained below, the effect of a degree appears to depend on the subjects taught.
Alternatively, subject matter knowledge seems to be another variable related to teacher quality.
Monk (1994) using data on 2829 students from the Longitudinal Study of American Youth, found
that teachers’ content preparation, measured by coursework in the subject field, is positively
related to student achievement in maths and science. Later on, Rice (2003) noted that “subject
matter knowledge  contributes  to  good  teaching  only  up  to  a  certain  point,  beyond  which  it does
not seem  to  have  an  impact” (p. 37). The remaining safe conclusion is that teachers who hold a
degree in the subject area they teach, especially in maths and science, positively impact student
performance in those areas.
1 One possible exception appears to be high school science and Mathematics, where teachers with subject-specific
master’s degrees are more effective than those without such degrees (Goldhaber and Brewer, 1998).
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Another important finding is that teachers who possess strong pedagogical content knowledge
are more effective than those with content knowledge alone (Baumert et al., 2010). Baumert and
colleagues tested what matters more—teachers’ knowledge of subject matter or their knowledge
of how to teach it. They found that although content knowledge is essential, strong pedagogical
knowledge is also crucial. Thus, students in the study whose teachers had strong pedagogical
knowledge (ranking among the top one-fifth of teachers) were likely to gain a full year more
learning than those whose teachers had weak pedagogical knowledge (bottom one-fifth of tea-
chers). In addition, researchers also claim that quality teachers possess some intangible features,
such as teachers’ expectations for their students, the belief in their own abilities or their ability to
connect with students that affect teacher effectiveness and therefore student achievement.
However, there is a group of studies suggesting that verbal and cognitive ability may predict
student performance more accurately than the characteristics discussed above. In fact, over four
decades ago, Hanushek (1971) showed that teachers’ verbal ability contributes to increased student
academic performance. Verbal ability was thus hypothesized to be a more sensitive measure of
teachers’ abilities to express ideas in succinct and convincing ways (Darling-Hammond, 2001).
Further, Ferguson and Ladd (1996) analysis of students’ achievement also found that teachers’
ACT2 scores had a larger influence on student achievement than did student poverty level, class
size, and teaching experience combined (see also Greenwald, Hedges, & Laine, 1996; for similar
conclusions). However, the fact that these studies were done at the aggregate (school or district)
levels casts some doubts on them being unclear whether higher-scoring teachers lead to higher-
scoring students or whether affluent districts, which tend to have higher-achieving students, are
also more likely to hire teachers with higher scores. More recent research by Andrew, Cobb, and
Giampietro (2005) and Aloe and Becker (2009) further suggest that educators should take verbal
ability into account, but due to the wide range of scores among good to excellent teachers these
researchers disfavour the use of single measures of verbal ability to measure or predict teacher
effectiveness. Thus, these findings suggest that measures beyond verbal ability, and including
wider cognitive skills are important regardless of formal training as strong predictors of teacher
quality. This paper extends previous research on teachers’ cognitive skills by investigating, at
country level, the role these skills play in students’ performance across 18 OECD countries. Our
research contributes worldwide empirical evidence of the impact/relationship of teachers’ skills,
as a proxy of teacher quality, on student performance in an attempt to reinforce the crucial role
that teachers play in supporting the learning experience of young people across countries. To
our knowledge, no educational work using empirical data of this type has been undertaken up to
now.
3.  Data:  the  Survey  on  Adult  Skills  (PIACC)  and  the  Programme  for  International
Student Assessment  (PISA)
For our analysis we use data from the Programme  for  the  International  Assessment  of  Adult
Competencies (PIAAC), and from the Programme  for  International  Student  Assessment  (PISA)
2012, both collected by the OECD (2011), OECD (2013) in a large number of countries.
The OECD’s Programme for International Student Assessment (PISA) represents a commit-
ment by governments to monitor student achievement within an internationally agreed framework.
PISA cognitive tests are run every three years since 2000 and do not examine students on specific
2 American college testing.
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school curricula, but they assess to what extent students at the end of compulsory education can
apply their knowledge to real-life situations and be equipped for full participation in society. The
tests measure students’ performance in the key subjects: Reading, Mathematics and Science, with
a focus on one subject in each year of assessment. PISA also collects information through back-
ground questionnaires. In the decade since its first report was issued, PISA has become the most
comprehensive and comparable student assessment programme in the world. It tests competences
of 15 years old from randomly selected schools almost worldwide. In our analysis, we use the
most updated data, PISA 2012.
The Programme for the International Assessment of Adult Competencies (PIAAC) is an
international survey that measures key cognitive and workplace skills needed for individuals
to participate in society and to study the relation between education and prosperity. Using house-
hold’s interviews, the survey assesses the skills of about 150 thousands working age adults (16–65)
surveyed in 24 countries. PIAAC survey is aimed to provide estimates of adults’ competences
in key information-processing skills. Thus, respondents were given assessment tests designed
to directly measure their numerical and Literacy skills, as well as respondents’ capacity to solve
problems in technology-rich environments. The dataset also contains information on respondents’
skills use in the work place, as well as an extensive set of background variables. However, given
the purpose of this research, we restricted the use of this survey to the Numerical and Literacy of
teachers which we identified using ISCO 2008 classification: we define teachers as all respondents
stating that their current ISCO code is 233. This classification captures all kind of teachers: from
elementary to university. For the purpose of our study it would be more correct to consider only
teachers in elementary and secondary education, since we then use as outcome variable perform-
ances of 15 years old. Nonetheless for many countries a narrower ISCO classification (i.e. 3 or 4
digit) was not available. Therefore in order to maximize the number of countries kept in the anal-
ysis we selected all kind of teachers. In addition we included also individuals who are currently
not working but whose last job was classified as teachers. Since this information is available only
if the individuals ended the last job maximum 5 years before the survey, we think it is still reliable
to include those individuals so as to increase sample size. The information contained in PIAAC
is used to calculate country average of teachers’ skills in Numeracy and Literacy. The final set of
countries considered in this paper is composed by those ones which participated in both surveys
and for which ISCO 2 digit classification is available in PIAAC, namely: Belgium (Flanders), the
Czech Republic, Denmark, France, Germany, Ireland, Italy, the Netherlands, Norway, Poland, the
Slovak Republic, Spain, Sweden, United Kingdom (England), USA, Korea, Russian Federation
and Japan4.
Table 1 below shows the number of teachers in each country, the proportion of the PIAAC
sample they represent and average skills in Mathematics and Reading. It is clear that the number
of teachers sampled in PIAAC represents a very small part of the total population interviewed,
but the numbers respect the reporting standards of the OECD and can be considered reliable.
In addition, in order to provide a measure of the accuracy of estimates on teachers’ average
in Literacy and Numeracy by country, we present the coefficient of variation (CV) which is
calculated as the standard error of the estimate divided by the value of the parameter being
estimated, and multiplied by 100 (Jensen, Sandoval-Hernández, Steffen, & Gonzalez, 2012). The
3 Further information on ISCO 2008 classification can be found at: http://www.ilo.org/wcmsp5/groups/public/—
dgreports/—dcomm/—publ/documents/publication/wcms 172572.pdf
4 Therefore we excluded Cyprus, because it doesn’t participate in PISA, and we excluded Austria, Estonia, Finland
because the ISCO 2 digit classification is not available.
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Table 1
Teachers’ sample in PIAAC.
Country Number of
teachers
% of teachers in
PIAAC sample
Performance
in literacy
CV in
literacy
Performance
in numeracy
CV in
numeracy
Czech Republic 235 3.5 300.47 1.57 297.93 1.34
(4.73) (3.99)
Denmark 643 7.3 285.77 0.80 290.8 0.74
(2.28) (2.16)
France 262 3.3 292.87 0.86 295.73 0.87
(2.53) (2.56)
Germany 196 3.2 296.14 1.13 303.02 1.32
(3.36) (4.01)
Ireland 257 3.5 298.17 0.88 288.51 1.10
(2.63) (3.17)
Italy 212 3.2 273.43 1.50 268.24 1.56
(4.1) (4.18)
Japan 185 3.0 317.68 0.78 313.16 0.97
(2.47) (3.05)
Korea 338 4.6 297.91 0.79 293.6 0.96
(2.35) (2.82)
Netherlands 260 4.7 306.61 0.79 300.26 1.03
(2.42) (3.1)
Norway 351 6.1 302.48 0.64 303 0.72
(1.95) (2.19)
Poland 308 5.0 294.29 1.17 281.81 1.26
(3.45) (3.56)
Russian Federation 249 5.1 279.66 1.50 272.05 1.25
(4.2) (3.39)
Slovak Republic 204 3.5 286.28 1.04 295.74 1.19
(2.98) (3.51)
Spain 273 5.0 288.12 0.99 278.31 0.94
(2.86) (2.62)
Sweden 289 5.3 297.92 1.02 298.23 1.17
(3.05) (3.5)
UK (England) 258 3.8 299.63 1.13 289.79 1.28
(3.39) (3.7)
United States 247 4.3 297.23 0.96 285.05 1.16
(2.85) (3.31)
Belgium(Flanders) 298 5.8 299.96 0.93 304.71 0.89
(2.78) (2.72)
Note: Own computation using PIAAC data.
results obtained for Literacy and Numeracy are presented in the previous table (columns 4 and
6): all the CV values are lower than 16.5% which means that there is low sampling variability and
that the average estimates are stable for the teachers’ sample and can thus be used as a measure
of teachers’ skills in each country.
Teachers’ skills vary substantially between countries. The lowest performing teachers are in
Italy while the top performing ones are in Japan.
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3.1.  Measuring  student  performance,  teacher  quality  and  other  variables  used  in  the  analysis
The dependent variable in our analysis is student  performance. As stated in OECD (2011),
PISA survey tests Reading, mathematical and scientific Literacy among students in terms of
general competencies. That is, how well students can apply the knowledge and skills they have
learned at school to real-life challenges. The average score among OECD countries is 500 points
and the standard deviation is 100 points. About two-thirds of students across OECD countries
score between 400 and 600 points.5
Likewise, for teacher  quality  we use the teacher sub-sample of the PIAAC survey which
assesses skills in Literacy, Numeracy and problem solving in technology-rich environments (solv-
ing problems in a computer environment). The proficiency that respondents showed in the three
indicated skills are measured on a scale from 0 to 500 points (proficiency scales).6 In our analysis,
we focus on students’ PISA and teachers’ PIAAC scores in two subjects, namely: Mathematics
and Reading scores of students, and Numeracy and Literacy proficiency of teachers.
To get a first insight on the relationship between teachers’ skills and students’ performance, we
plot teachers skills in the two dimensions (Numeracy and Literacy) on two graphs combined with
the country average test scores in Mathematics and Reading of students in PISA 2012 (see Fig. 1).
Results show strong positive correlation between teachers’ skills and students’ performances,7
supporting our hypothesis that teacher quality, measured by teacher skills can be an important
factor in explaining student performance.
Ideally, to further investigate this relationship, we would like to know the skills of each teacher
assigned to each student or school. Recovering this kind of information is certainly impossible,
indeed there does not exist any kind of survey collecting information on both students’ scores and
teachers’ skills. Even the recently released TALIS survey,8 which strictly focuses on teachers, does
not assess teachers’ skills in any subject. Therefore we shall try to make the best of the available
information. The main limitation we are facing is that the information for the teachers’ skills is
available at the country level only.9 Thus, we propose to use a multilevel model, broadening the
research question not only to what is the direct impact of teachers’ skills on students’ achievement
but also what proportion of the variance we observe between the different countries can be
attributed to teachers’ skills.
The model is explained in details in the following section. Yet, the importance of other variables
in determining student performance is also acknowledged as they can also have a significant
5 Further, to ease interpretation, PISA scores can be located along specific scales developed for each subject area,
designed to show the general competencies tested by PISA. These scales are divided into levels that represent groups of
PISA test questions, beginning at Level 1 with questions that require only the most basic skills to complete and increasing
in difficulty with each level.
6 Continuos scores are divided into proficiency levels (from below 1 to 6 for Literacy and Numeracy; from below 1 to
4 for problem solving). As for the PISA survey, the proficiency levels describe the attributes of the tasks that adults with
particular proficiency scores can typically successfully complete (see OECD, 2013 for further details) and are defined by
distinct value ranges on the proficiency scales. Hence, using the proficiency levels, the skills of an individual or a group
can also be described by the proficiency level at which the score points are located.
7 Both students’ scores and teachers’ scores have been calculated using the techniques required by the PISA and PIAAC
data. Therefore, for each PISA score we used the 5 plausible values available and the 80 students’ replicates weights, and
for each PIACC score we used the 10 plausible values available and the 80 individuals replicates weights.
8 http://www.oecd.org/edu/school/talis.htm
9 We could exploit NUT2 region, available for few countries in PIAAC, but this would imply reducing the sample size
of teachers even further, having very few teachers in one region, thus we prefer to keep this information at the country
level.
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Fig. 1. Correlation between students’ scores in PISA and teachers’ skills in PIAAC.
impact. In particular variables at the student level that we include in the model are gender, socio
economic status,10 immigrant  background  and whether the child attended  or  not  early  childhood
education11 (ISCED 0). At the school level we include variables capturing whether the school
is public  or  private, the school  size, the teacher-student  ratio, an index for schools  autonomy
and one for school  accountability  and the percentage of girls  in  the  school. School’s autonomy
measures the freedom schools have to choose curricula for their students. The variable we use is
an already built in index provided in the PISA data.12 School’s accountability is measured as the
percentage of students in schools that post achievement data publicly. In order to have a general
picture of every country in the sample, Table 2 reports some descriptive statistics on the variables
just mentioned above. In terms of student sample selection, we considered only students that did
not have any missing values for the variables considered. This makes a decrease from a total
of 146,120 available students to a final working sample composed by 123,979 students, nested
10 The index of socioeconomic status in PISA is built combining an indicator for home possessions, (HOMEPOS), the
higher parental occupation (HISEI) and the higher parental education expressed in years of schooling (PARED).
11 Following the literature pointing out the importance of early childhood education and demonstrating its positive impact
on later student achievement (Barnett, 1995; Berlinski, Galiani, & Gertler, 2009; Brilli, Del Boca, & Monfardini, 2013).
12 From the OECD PISA Technical report: “School responsibility for curriculum and assessment: an index of the relative
level of responsibility of school staff in issues relating to curriculum and assessment (RESPCURR) was computed from
four items measuring the school principal’s report concerning who had responsibility for curriculum and assessment
(“Establishing student assessment policies”, “Choosing which textbooks are used”, “Determining course content”, and
“Deciding which courses are offered”). The index was calculated on the basis of the ratio of “yes” responses for principal
or teachers to “yes” responses for regional/local education authority or national educational authority. Higher values
indicate relatively higher levels of school responsibility in this area. The index was standardized to having an OECD
mean of zero and a standard deviation of one (for the pooled data with equally weighted country samples).”
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Table 2
Descriptive statistics of the variables used in the multilevel model (PISA data).
Student  School
Country  Number  of
students
Mathematics  Reading Female
(%)
ESCS
(sociecon)
Immigrant
(%)
Attended
ISCED  0 (%)
Public  school
(%)
School size
(# of
students)
Teacher
ratio
Autonomy  Accountability  %  of  girls  in the
school
Score
Scores
St. Dev.  Score
Scores
St. Dev.
BEL (Fl) 4453 536.40 101.84 523.68 95.09 50.27 0.17 10.26 98.10 23.17 708.84 8.97 0.12 1.54 0.51
CZE 4265 500.20 94.29 494.64 89.24 50.15 −0.07 3.26 96.63 91.26 446.84 13.17 1.08 46.18 0.50
DEU 3330 521.31 97.14 516.67 90.01 49.65 0.20 12.61 96.87 92.20 687.93 15.13 −0.18 11.16 0.49
DNK 5780 502.11 81.00 498.24 82.73 50.07 0.43 9.04 98.99 76.32 487.25 12.08 0.03 39.28 0.49
ESP 22326 487.46 86.72 492.40 89.67 49.44 −0.19 9.97 94.21 66.91 710.72 12.63 −0.50 12.83 0.49
FRA 3797 500.84 95.44 513.50 105.49 52.64 −0.03 13.82 98.43 79.58 832.48 11.80 −0.10 47.30 0.52
GBR 10713 498.25 92.05 505.41 92.89 50.66 0.29 11.55 95.73 54.09 1,048.19 14.79 1.07 87.19 0.50
IRL 4022 503.95 83.35 526.34 84.53 48.13 0.13 9.86 86.30 39.51 600.22 14.31 0.09 19.85 0.49
ITA 25200 490.74 91.81 496.44 94.04 49.54 −0.05 7.15 96.05 95.84 782.44 10.41 0.40 40.60 0.49
JPN 6172 538.70 92.32 541.12 96.37 47.98 −0.07 0.33 99.15 70.35 752.56 11.67 1.15 5.40 0.48
KOR 4915 555.19 98.64 536.83 85.75 46.26 0.01 0.02 95.52 52.59 1,081.50 16.13 0.70 70.78 0.46
NLD 3499 521.62 92.43 511.13 93.71 48.89 0.22 10.70 97.51 33.52 1,045.53 16.83 1.20 91.48 0.50
NOR 4066 492.00 89.52 508.48 97.41 49.27 0.47 9.51 92.01 98.24 336.28 10.47 −0.54 55.70 0.49
POL 4093 517.62 89.82 518.42 86.48 51.68 −0.22 0.18 97.48 97.61 318.70 9.43 0.35 47.23 0.49
RUS 4693 481.70 85.88 476.45 89.49 50.63 −0.11 10.88 81.44 99.31 608.95 14.22 −0.22 77.15 0.50
SVK 3968 485.01 100.31 467.51 103.27 48.50 −0.16 0.70 93.61 91.24 451.06 13.29 0.45 76.52 0.49
SWE 4196 483.52 89.88 489.87 102.35 50.65 0.28 14.71 92.28 86.34 406.37 12.44 −0.29 79.40 0.49
USA 4491 486.03 89.22 502.97 90.20 49.38 0.21 20.31 98.61 93.14 1,401.35 17.48 −0.37 91.06 0.49
Note: In the table are reported descriptive statistics for the variables considered in the model. Average values at the country level are reported. Numbers reported consider students
and school weights
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within 5034 schools in the 18 countries. As already highlighted in Fig. 1, top performing students
live in Korea, Japan and Belgium (Flanders).
4.  Methodological  framework
Data in PISA present a clustered or hierarchical structure, as information is gathered at the
student level, students are nested within schools, and schools are nested within countries. The idea
behind this structure is that students’ achievement is affected by their individual characteristics,
by their schools characteristics and by the country they live in. When dealing with hierarchical
data a common approach is to use multilevel models, since they recognize the existence of such
hierarchy by allowing residual components at each level. In our case we will use a three level
model, which allows for students to be grouped within schools and for schools to be grouped
within countries, having residuals both at the individual, schools and country level.
In our setting, let yijk be the test score in Mathematics or Reading for student i in school j
in country k.  The test score is a linear function of a series of covariates (xijk) that can be at the
student, school and country level plus a random error (εijk):
yijk =  β0 +  β1xijk =  εijk (1)
yijk =  β0 +  β1xijk +  v0k +  u0jk +  e0ijk (2)
In Eq. (2), the random part εijk has been decomposed into three parts representing respectively
the error (random effect) at the student level (e0ijk), the error at the school level (u0jk) and the error
at the country level (v0k). Thus, the variance between countries is simply Var(vok) =  σ2vo; similarly
the variance between schools within countries is Var(uok) = σ2uo and the variance between students
within schools within countries is Var(eok) =  σ2eo.
It is worthwhile introducing the concept of the “intra-class  correlation  coefﬁcients” (ICC)
which is the ratio of one level variance to the total variance. In our case we can build two ICCs:
the ICC at the country level, which is the proportion of the variance due to differences between
countries, and the ICC at the school, which is the proportion of the variance due to differences
between schools. To be more precise, they are defined as:
ICC country : ρ3 = σ
2
vo
σ2vo +  σ2uo +  σ2eo
(3)
ICC school : ρ2 = σ
2
uo
σ2vo +  σ2uo +  σ2eo
(4)
We are mainly interested in the ICC  at  the  country  level  (ρ3)  and variance between countries
(σ2vo) and the idea is that when the country level variables (in our case the teachers’ skills in
Numeracy and Literacy) are included in the model and they have some explanatory power, we
expect variance components to decrease, because covariates are able to explain a fraction of the
country-level variance which was entirely attributed to unobserved country characteristics. Thus
our main interest is in checking the explanatory power of the variables related to teachers’ skills,
and in assessing how much of the variation observed at the country level can be explain by these
variables with the remaining country’s variance being due to other characteristics such as wealth,
history, tradition and so on.
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Table 3
Multilevel analysis of teachers’ skills on students’ Mathematics achievement.
Mathematics Model(1) Null Model(2) Model(3)
Fixed part
Constant 502.0 (4.886) 464.0 (6.040) 266.7 (116.7)
Students characteristics
Female −16.05*** (0.434) −16.05*** (0.434)
ESCS 18.85*** (0.261) 18.85*** (0.261)
Immigrant −25.56*** (0.809) −25.56*** (0.809)
Attended ISCED0 20.07*** (1.001) 20.07*** (1.001)
Schools characteristics
Public school −17.15*** (1.922) −17.07*** (1.922)
School size 0.032*** (0.002) 0.032*** (0.002)
Teacher ratio 0.415** (0.164) 0.412** (0.164)
Curriculum autonomy −1.499* (0.850) −1.518* (0.849)
Accountability 9.664*** (1.681) 9.689*** (1.681)
Percentage of girls in the
school
20.72*** (4.151) 20.72*** (4.15)
Countries’ characteristics
Teacher skills in
Numeracy
0.675* (0.398)
Random part
Country level 412.7 (143.2) 434.6 (148.7) 372.8 (128.2)
School level 3202 (69.46) 2183 (48.60) 2183 (48.60)
Student level 5290 (21.69) 4955 (20.31) 4955 (20.31)
Deviance 1428317 1418765 1418763
AIC 1428318 1418776 1418775
ICC country 0.046
Note: Multilevel regression of students’ performances in mathematics. Model 1 is the null model; model (2) includes
student and school level variables; model (3) adds also country level variables. Standard errors in parenthesis p-values:
* for p < = 0.1.
** for p < = 0.05.
*** for p < 0.01.
5.  Results
Estimates of the multilevel regressions13 are presented in the Table 3 for Mathematics and
Table 4 for Reading. In both analyses, we present the estimates for the baseline model, or the
null—model (1), the model including students and school covariates—model (2) and finally the
model including country level covariates—model (3). The null model doesn’t include covariates
other than a constant and allows us to obtain the proportion of variability, calculated using the
variances estimated for the errors between students, between schools within countries and between
the countries. This model is used as a benchmark to see what happens to the decomposition of the
variance when individual, school and country-level explanatory variables are incorporated in the
regression. The second model presented in column (2) of both Tables includes variables at student
level and at the school level. Lastly, in order to analyse the effect of the teachers’ skills in the
13 The variance components’ model was applied to the data and the model was estimated using iterative generalized least
squares (IGLS) (Goldstein, 1986). The computational component was generated using MLWin 2.27 software (Rabash
et al., 2013). The bottom-up procedure, the deviance (Deleeuw and Meijer, 2008) and the Akaike’s information criteria
(AIC) (Akaike, 1981) were used to decide which variables to include in the model and multicollinearity was checked.
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Table 4
Multilevel analysis of teachers’ skills on students’ Reading achievement.
Reading Model(1) Null Model(2) Model(3)
Fixed part
Constant 502.1 (4.824) 431.5 (5.8904) 187.2 (130.7)
Students characteristics
Female 28.52*** (0.434) 28.52*** (0.434)
ESCS 17.31*** (0.262) 17.31*** (0.262)
Immigrant −27.38*** (0.810) −27.38*** (0.810)
Attended ISCED0 20.96*** (1.002) 20.95*** (1.002)
Schools characteristics
Public school −18.39*** (1.959) −18.32*** (1.958)
School size 0.034*** (0.002) 0.034*** (0.002)
Teacher ratio 0.507*** (0.167) 0.503*** (0.167)
Curriculum autonomy −1.709** (0.866) −1.772** (0.866)
Accountability 8.763*** (1.713) 8.690*** (1.712)
Percentage of girls in the
school
38.62*** (4.233) 38.63*** (4.233)6
Countries characteristics
Teacher skills in literacy 0.829* (0.443)
Random part
Country level 400.6 (139.6) 394.5 (135.4) 326.9 (112.9)
School level 3504 (75.62) 2278 (50.53) 2279 (50.53)
Student level 5381 (22.06) 4972 (20.39) 4972 (20.39)
Deviance 1430784 1419371 1419368
AIC 1430785 1419382 1419380
ICC country 0.043
Note: Multilevel regression of students’ performances in readings. Model 1 is the null model; model (2) includes student
and school level variables; model (3) adds also country level variables. Standard errors in parenthesis p-values:
* for p < =0.1.
** for p < = 0.05.
*** for p < 0.01.
students’ performance, we incorporate this variable at the country level in the model in column
(3). Overall, both in Mathematics and Reading achievements, the reduction of the deviance and
the AIC index reveal the superiority of model (3) confirming that country characteristics in terms
of teachers’ skills should not be neglected and that the three levels is the best-fit model to explain
the students’ performance.
Our goal is to analyse whether those students living in countries whose teachers present higher
skills also perform better. As we can see from model (3) in the tables below, we find a positive
significant coefficient of the teachers’ skills in Numeracy and in Literacy, meaning that students
who live in countries where teachers have higher skills in Mathematics and Literacy present
better results in Mathematics and Reading respectively. Thus, results confirm our hypothesis of
a positive relationship between country average of teacher’s skills and students’ achievement in
both subjects.
Focusing on Mathematics, the country intra-class correlation coefficient of the null model
is 0.046, meaning that 4.6% of the total variance is due to cross-country variability.14 After
14 Moreover, the estimates pertaining to the proportion of variance in our data are 59.4% and 36% due to the students’
characteristics and the schools characteristics respectively.
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considering our country-level variable, added in model (3) we verify that the variance compo-
nent representing variation between countries has diminished markedly from 434.6 (estimated
in model 2) to 372.8, meaning that country average teachers’ skill is able to explain 14.2% of
the between country variation in students Mathematics results.15 As for Reading, the variance
partitions of the model show that 4.3% corresponds to the variance between countries (country
ICC equal to 0.043), 37.7% is the variance among schools within countries and 58% is the vari-
ance between students within schools. Analysis in Table 4 indicates that, including the teachers’
skill variable, there is a decrease in the variance component from 394.5 (estimated in model
2) to 326.9, which means that teachers’ skills in Literacy explain 17.1% of the between coun-
try variation in students’ Reading performance.16 As far as the main purpose of this research
is concerned, results suggest that country-level variables, denoting teacher quality, are able
to explain international differences in student performance. Hence, our expectations about the
fundamental role of teacher quality in shaping student performance find corroboration in our
data.
Further, we include in the regression other individual and school variables. We can summarise
that the coefficients (statistically significant) do not change dramatically in the different speci-
fications from model (2) to model (3), neither for Mathematics nor for Reading. As expected,
boys perform better than girls in Mathematics, while girls have a better performance in Read-
ing than boys. The model indicates that students’ socio-economic status explains achievements
in terms of Mathematics and Reading, favouring students who have a higher socioeconomic
status. Confirming a wide literature about the impact of migrant status, our results also show
that an immigration background has a negative effect on the students’ achievement. Students
who attended pre-school tend to score better in Mathematics and in Reading. At the school
level, we find that the attendance of a non-public school has a beneficial impact on the students’
achievement. Additionally, attending schools with a higher number of students affects positively
students’ scores in Mathematics and Reading. Students who attend schools with a higher teacher
ratio per student tend to perform better than those attending schools with a lower ratio of tea-
chers per student. Students attending a school with a higher accountability present better results
in Mathematics and Reading attainment. Attending schools with a larger autonomy index has a
negative effect on the students’ achievement in both subjects. Finally, concerning the percentage
of girls attending school, the results show that this variable is positively associated to the students’
achievement.
We complement our findings with a further analysis: we run the same model using instead of
the skills of the teachers only, the country average skills in Literacy and Numeracy of the whole
PIAAC population. We do so in order to exclude the case that the results found are not a direct
link between students’ and teachers, but simple country correlations of performances in PISA and
PIAAC. When we include as a country level variable average skills in Numeracy and Literacy in
the population we do not get the same results: the variables are not statistically significant any
longer and the proportion of the country level variance explained is much lower (around 3% for
both mathematics and reading).17 In addition, the goodness of fit of the models are worse than the
original ones. This adds robustness to our results, excluding the case that the association found
was driven simply by country level correlations in performances in PISA and PIAAC.
15 Overall, the results indicate that our model explains 15.7%†††††  of the variance in the students’ achievement.
16 In overall terms, our model explains 18.4% of the variance in the students’ performance in Reading.
17 Tables available upon request.
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6.  Discussion  and  conclusions
Education is widely considered to be of key importance to country socio-economic perfor-
mance. Whether one looks at education as a defining aspect of human capital and therewith a
pivotal factor in economic production (Barro, 2001) and social well-being (Desjardins, 2008),
or, as a fundamental goal in itself in terms of the emancipation and betterment of mankind (Sen,
1999); no definition of progress can or should reasonably be separated from a call for better
education. We do not contest the emphasis put on education in either view. Yet, the reality today
is that education and training systems worldwide are, to a greater or lesser extent, marked by
inequalities—in access to quality education as well as in outcomes (see PISA results); a crude
fact that is known to increase the socio-economic inequality of countries themselves (Agasisti
& Cordero-Ferrera, 2013; Checchi & Peragine, 2010). We need to take a closer look at what
it is about education that generates these differences across countries. As it turns out, not just
education itself but also the skills acquired through education and taught to students drive socio-
economic performance. It follows that, maybe, focusing on more investments in education might
not enough. On the contrary, it might only be a waste of money if what and how we teach our
children does not change in line with future labor market demands.
Previous studies discussed earlier in the paper, reveal that factors such as teachers’ education
and experience, subject matter knowledge, teaching and learning practices, cognitive ability and
teaching behaviour in the classroom are related to teacher quality and increased student achieve-
ment. In fact, Hanushek (2011) recently argued that the most important thing a school can do is to
provide its students with good teachers. Thus, the central aim of this work was to investigate and
better understand the relationship between teacher quality and student performance in 18 OECD
countries to restate the policy lessons that need to be drawn. Teacher quality has been approached
by using teachers’ proficiency scores in Numeracy and Literacy as reported in the Survey on
Adult Skills. No research to our knowledge had provided cross country empirical evidence on
the topic, still the findings can be interesting for academic and policy purposes, given the recent
socio-economic literature aimed at identifying factors that can explain international variations of
students’ outcomes (see for example: Cabus & De Witte, 2012; Hanushek & Woessman, 2011).
The comparative approach we employed in our work provided some interesting results. First
and foremost, we observed differences among countries in both teachers’ proficiency scores in
Numeracy and Literacy (teacher quality), and students’ performance (in Maths and Reading).
In particular, the variability of the latter is not negligible with Japan, the Netherland, Norway,
Germany and Belgium (Flanders) among the top performers and Italy, Spain, Russia or Slovak
Republic performing very poorly.
Second, the empirical evidence emerging from our analysis confirmed our predictions about
the relationship between teachers ‘skills and students performances and the importance of teacher
quality in explaining countries variation in student achievement (14.2% for Maths performance
and 17.1% for Reading performance). This translates into a societal debate among different
stakeholders (parents, teacher unions, school principals and ministerial bureaucracies) about how
to grade and reward teachers. Consequently, while this analysis has been undertaken with a
simple country level measure of teachers’ skills as a proxy of their quality, these results suggest
the opportunity to target specific educational policies in a number of countries so as to decrease
country differences, particularly those policies related to teachers’ recruitment. As mentioned
in the Introduction, results do not suggest that teachers are fully responsible for their students’
relative under-performance. Otherwise, it may also be the case that the education system of
poor performers attracts poor quality teachers. In fact, recent studies show that differences in
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school systems and institutional characteristics play an important role in explaining cross-country
differences in students’ performances (Hanushek & Woessman, 2011). Attracting high skills
individuals into the teaching profession and keeping their skills updated is certainly something
governments should try to pursue.
Overall, this research also tries to further stress that, policymakers should take into account
and weigh a range of different indicators if they are to make a proper judgment about where
education is heading to and what to do about it in order to improve it. Teachers’ quality is just
one of them. Thus, a more systematic collection of information on teachers’ skills (e.g. through
oversampling in PIAAC data or inclusion of this type of information in TALIS survey) to more
deeply investigate not only country differences but also regional and if possible school differences
in the relationship between teacher quality and student performance could certainly contribute to
an overall improvement of the learning environments in which our student and our “future” are
raised.
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